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I. INTRODUCTION 
The objective of this work is to increase what little 
knowledge we now possess of the chemical nature of the Rh 
antigens. This information would help in the combating of 
certain diseases such as erythroblastosis fetalis and trans-
fusion reactions that occur from antibodies of the Rh system. 
It would also help in the understanding of antibody-antigen 
reactions which are peculiar to the Rh system. Finally, 
since these Rh antigens are genetically determined, it may be 
that further studies of this relation would enhance our know-
ledge of genic activity. 
Erythroblastosis fetalis, hemolytic disease of the 
new born, occurs when the fetus has inherited a blood group 
antigen from its father not possessed by its mother. This is 
often an antigen of the Rh system. This antigen enters the 
maternal circulation and may cause the production of anti-
bodies. These antibodies then gain entrance into the circu-
lation of the fetus and cause the fetus to destroy its own 
erythrocytes. If one possessed the chemical compounds that 
give the Rh antigen its specificity, these could then be 
used to remove the Rh antibodies from the maternal circulation, 
thus protecting the fetus. 
A similar situation occurs when an individual is 
given several blood transfusions and the blood, though 
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compatible, does not contain the same Rh type as the 
recipient. A normal person does not have Rh antibodies 
in his plasma which is why blood of a different Rh type is 
compatible. Thus, a patient should be given blood only of 
the same Rh type as his own. However, if he has produced 
antibodies as a result of previous transfusion, these would 
be inhibited the same way as above. 
The Rh system has certain antibodies that are 
unusual. Some individuals produce Rh antibodies that react 
in a saline media with appropriate antigens on erythrocytes. 
However, this is not always true, since some individuals 
produce antibodies that will react with the appropriate 
erythrocyte only when this reaction is carried out in an 
albumin media. These "incomplete• antibodies, as some 
workers call them, will also react if the appropriate 
antigenic erythrocyte is first reacted with a proteolytic 
enzyme. An example of this is trypsin. If the chemical 
specificity of the antigen were known, these two types of 
antibodies could be purified. It might then be possible to 
determine why these antibodies react differently. 
Today the only source of Rh antibodies is from 
humans that have been sensitized in some way by the Rh 
antigens. This seriously limits the supply. If the chemical 
composition of the antigenic site were known, it could be 
made antigenic for animals. This would greatly increase the 
availability of these antibodies. 
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The method used to find the specific antigenic 
structure is the inhibition test explained on Page 30. 
The degree of inhibition is determined by the agglutination 
test (see Page 29). The inhibition technique was shown by 
Landsteiner (38) to give the correct chemical configuration 
of the antigen in question. The accuracy of this test is 
due to the specificity of the antibody (1, 41, 40, 23). 
The exact degree of this specificity will be discussed in 
the survey of the literature. 
Although there is little known about the chemical 
nature of the Rh system of antigens, some progress has been 
made with the ABH system. The methods of early workers who 
tried to find the chemical nature of the Rh antigens will 
be discussed and the reasons that they failed will be shown. 
Finally, the effects of periodate ion, trypsin, and viruses 
on the Rh antigens will be pointed out. 
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II. SURVEY OF THE LITERATURE 
A. Discussion of Antibodies and Antigens 
Antibodies are gamma globulins produced by body 
cells in response to antigens. Gamma globulins circulate 
in the blood stream and may combine with certain chemical 
units called antigens. Present day chemical techniques do 
not permit a differentiation between normal gamma globulins 
and antibodies. This can be done only by immunological 
methods. 
The reaction between an antibody and its antigen is 
very specific. They fit together like lock and key. This 
concept was proposed first by Hooker and Boyd (32) and later 
by Pauling (51). The lock represents a specific area on 
the antibody, and the key is the surface of the appropriate 
antigen. It has been proposed (7) that van der Waals's 
forces hold the antigen in the cavity formed by the antibody. 
In addition to the look and key concept, Porter (53) leaves 
little doubt that an antibody may have two combining sites 
and that both of them may occur on the same end of the 
molecule. 
The main criteria for a substance to be antigenic 
are: It must be foreign to the circulatory system of the 
animal into which it is injected; it should be of greater 
4 
size than 10,000 molecular weight; it must be stable and 
have a definite configuration; and it should contain carbo-
hydrate or protein or a combination of these two. Pure 
lipid does not seem to be antigenic. 
The reactions of antibodies with their antigens can 
have one or more different effects: They may neutralize 
the toxicity of the antigen; they may precipitate with their 
antigen; they may cause agglutination with particulate 
antigens; they may cause lysis of certain cells; they may 
cause the death of certain cells; by combining with foreign 
cells they promote phagocytosis; they may fix complement; 
and finally, they may cause the release of histamine and 
other toxic substances. 
In the work that is being presented in this thesis 
one will only be concerned with agglutination and precipi-
tation. Agglutination is used in the inhibition test as a 
visual means to show the degree of inhibition of different 
compounds. Precipitation will be used to show the presence 
of antibodies produced by certain antigens. 
Although antibody is specific for a certain antigenic 
structure, nevertheless cross reactions may occur. Cross 
reactions are of two kinds, one is shown when two unrelated 
antigens react with the same antibody as in the case of the 
anti-A and anti-pneumococcus Type XIV (24). This cross 
reaction is possible because the two antigens have some 
chemical structure in their molecules common to both. The 
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second type of cross reaction is that shown by Hooker and 
Boyd (Jl). They showed that ovalbumins of chicken and 
duck would react with the same antibody. If a rabbit is 
immunized with chicken ovalbumin, the antibody may cross 
react with other ovalbumin of related birds. Typical 
rabbit antiserum reactions are (Dubos 19): Chicken 
(homologous antigen), 100; duck, 20; turkey, 10; guinea 
hen, 5· 
There is a limit, however, to the specificity of 
antibodies as was shown by Avery, Goebel, and Babers (1). 
These authors found that although antibody could distinguish 
between alpha methyl glucose and beta methyl glucose, the 
distinction was not too clear. There was little difference 
between homologous and heterologous sera with either antigen. 
Landsteiner and van der Scheer (41) produced anti-
bodies to D-, L-, and m-tartaric acids in an experiment to 
find out if antibody could distinguish between optical 
isomers. Their results showed that antibody can readily 
distinguish between such isomers. 
Landsteiner and Lampl (40) were able to show that 
chemical groups have an effect on the specificity of the 
antibody. This effect may occur in either of two ways. 
They (40) found that changing the position of the chemical 
group on the aromatic ring reduced the reaction between 
antibody and antigen. They also showed that replacing a 
chemical group on the aromatic ring with a related group 
6 
could reduce the antibody-antigen reaction. 
In addition to the findings concerning antibody 
specificity cited above, the work of Goebel and Avery (23) 
has an important bearing on that of the present paper. 
These authors showed that antibody could readily distinguish 
between glucose and galactose. 
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Kabat (35) found that the decomposition products of 
dextran inhibit an antidextran. By comparing the disaccharides, 
trisaccharides, etc., of glucose, Kabat found that a chain of 
six glucose molecules had the greatest inhibitory effect on 
the antibody (Table 1). 
TABLE 1 
CALCULATED CONTRIBUTION TO THE FREE ENERGY OF 
COMBINATION OF GLUCOSES IN REACTIVE 
GROUPS OF DEXTRAN (35) 
Glucose Number 
Hexasaccharide of glucose 
Pentasaccharide of glucose 
Tetrasaccharide of glucose 
Trisaccharide of glucose 
Disaccharide of glucose 
Single glucose molecule 
Contribution to 
Binding Energy 
(per cent) 
100 
98 
95 
90 
60 
39 
Landsteiner (38) found that if a diazotized organic 
compound were coupled to a protein and injected into animals, 
the animal would produce antibodies specific for the organic 
compound. This organic compound he called a hapten. 
The serum of an animal immunized by a certain antigen 
may contain several antibodies. An immunized animal is one 
that produces antibodies as a result of infection or an 
artificial injection of antigen. If the artificial antigen 
is a hapten, the hapten has to be coupled to a carrier 
protein in order to be antigenic. When the combination of 
hapten and carrier protein is injected into the animal, the 
antisera produced may contain three separate antibodies (30). 
One antibody is directed toward the hapten; another, toward 
the carrier protein; and a third may be present which is 
specific for both. To show the presence of the antibody 
directed toward the hapten the easiest method is to attach 
the hapten to a second carrier protein which is not related 
to the first. Since the hapten is the only component common 
to the two, then a positive reaction with the second hapten 
carrier protein shows that an antibody directed toward the 
hapten has alone been produced. 
When dealing with erythrocytes as antigen, a different 
problem arises, since there are many antigens on the surface 
of an erythrocyte. The serum must be adsorbed to remove the 
many antibodies that are produced to these antigens. To do 
this, erythrocytes which differ from the injected erythrocytes 
by only one antigen are used. 
B. Techniques Used to Study Blood Group Antigens 
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One of the first methods tried by early workers was 
that of removing the antigens from the erythrocyte (13, 14, 33). 
Although the investigators who used this method did show 
evidence that they had found the Rh antigenic activity, 
other workers (18, 34, 50, 54), when they tried to repeat 
this method, could not find the Rh activity. Thus, this 
approach was given up. 
Later, it was found that human blood group secretors 
have in their body fluids mucopolysaccharide which contains 
the same antigens of the ABH and Lea systems found on their 
erythrocytes. Morgan and King (47) were able to purify the 
ABH and Lea antigens from body fluids by the use of 90% 
phenol. These purified antigens showed great promise, but 
chemical analysis unfortunately showed no difference between 
them. 
Lectins were first used by Boyd (8) for studying the 
chemical nature of blood group antigens. These proteins, 
which were named by Boyd (8), are globulins of plant origin 
that show specificity for certain blood group antigens. As 
far as is known, however, no lectins have been discovered 
for the Rh system. 
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The inhibition of lectins has led to a most interesting 
relation. l' lr Makela (44) has proposed the idea that the con-
figuration of the Number 3 and 4 carbon atoms of a mono-
saccharide molecule has important inhibitory effects. He has 
classified monosaccharides into four groups as shown in 
Figure 1. Inhibition tests with lectins have been able to 
help in making this classification. 
r----o. 
II- o#, 
/ 
--<. 
O# h' 
·o r-----.o 
3 7'-
If 0# 
ll )I (44) Figure l. - Makela 1 s classification of monosaccharides into 
fucT groups on basis of configuration at carbon atoms J and 4. 
..... 
0 
Landsteiner (J8) demonstrated that the inhibition 
technique is a specific and important way of finding out 
the chemical nature of the antigen. He demonstrated that 
if the hapten were first added to the antibody followed by 
the hapten protein complex, the amount of precipitate was 
much less than if the hapten was not added first. When 
hapten alone was added, there was no visible reaction. 
C. The Effects of Periodate Ion, Trypsin, and 
Viruses on Erythrocytes 
Periodate, trypsin, and viruses all have effects 
on the erythrocytes which may be connected to the Rh antigen. 
Periodate is an oxidizing agent which reacts with compounds 
that contain either two hydroxyl groups on adjacent carbon 
atoms or an hydroxyl and amino groups on adjacent carbon 
atoms. Periodate splits the compound between the two carbon 
atoms. Carbohydrates are susceptible to periodate ion in an 
acid media. 
Morgan and Watkins (49) reported that most blood 
groups are affected by periodate ion, but to different 
degrees. The differences are: At o.OOlM periodate at pH 
5 the M, N, and Rhesus (p) were destroyed; at 0.005M 
periodate at pH 4 the A, B, H, and 0 receptors were destroyed; 
at this latter concentration, the P and Lea were still 
detectable. The length of time the periodate was in contact 
with the erythrocytes was fifteen minutes. 
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Trypsin, on the other hand, is a proteolytic 
enzyme whose effect on the erythrocyte is not understood. 
Some workers (16, 55) found that trypsin increases the 
ability of the Rh antibody to react with the erythrocyte. 
The results of Coffin and Pickles (16) are given 
in Table 2. As may be seen, the treatment of erythrocytes 
with trypsin increases their agglutination with Rh anti-
serum regardless of whether they are treated with periodate 
or not. As these authors pointed out, periodate is a 
specific oxidizing agent and trypsin is a proteolytic 
12 
enzyme. They felt that trypsin frees antigenic sites that 
were either covered by protein or were too deep to be affected 
by periodate. These same authors found that there is a limit 
to the reverse action of trypsin. 
Another agent that affects Hh antibodies on erythro-
cytes is that of viruses. Bigley et al. (5) showed that 
viruses remove substances from erythrocytes that inhibited Hh 
antibodies. They also found that trypsin seems not only to 
reverse the action of periodate but also the effect of viruses 
on erythrocytes. These investigators showed that substances 
eluted by the viruses from Rh positive cells, but not from 
Rh negative cells, would inhibit Rh antibodies, and that these 
substances would also precipitate Rh antibody. The inhibitory 
substance could be eluted from the erythrocyte treated with 
periodate or viruses, but not from erythrocytes treated with 
trypsin or RDE. This eluent is labile and decomposes to 
TABLE 2 
AGGLUTINATION ·TITRES OF ANTI-D SERUM INCUBATED WITH TREATED 
AND UNTREATED D POSITIVE AND D NEGATIVE ERYTHROCYTES (16) 
D Positive cells against 
serum dilutions 
Treatment 
of cells 
D Negative cells against 
serum dilutions 
1:2 1:4 1:8 1:16 1:32 1;64 1:2 1:4 1:8 
G 
c 
3 
2 
c 
c 
c 
c 
2 
1 
c 
c 
4 
c 
1 
0 
c 
4 
4 
c 
0 
0 
4 
3 
3 
4 
0 
0 
3 
3 
2 
4 
0 
0 
2 
1 
Untreated 
Trypsin 
Periodate for 30' 
Periodate for 60 1 
Periodate for 30 1 
then Trypsin 
Periodate for 60' 
then Trypsin 
0 
0 
0 
0 
0 
0 
0.001M periodate used throughtout, with buffer gf pH 7.7 
Standard trypsin treatment for 45 minutes at 37 C. 
C = single clump of cells 
4 = 3-4 large agglutinates 
3 = several agglutinates 
2 = samll agglutinates visible macroscopically 
1 = small agglutinates visible microscopically 
tr = a few very small agglutinates 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
...... 
....., 
non-inhibitory products. They believe this eluent to be 
a combination of carbohydrate and protein. 
Another approach to this problem is that of Wallace, 
Dodd, and Wright (55). These authors treated erythrocytes 
with viruses and trypsin, and then injected them into 
rabbits. The antiserum to the treated erythrocytes was 
adsorbed, and showed antigenic differences. Neither the 
trypsin-treated erythrocytes nor the virus-treated erythro-
cytes adsorbed all the antibodies from the respective 
heterologous serum. On the other hand, although virus-
treated cells make new antibodies when compared to normal 
cells, they have relatively fewer new sites compared with 
trypsin-treated cells. This is true because the trypsin-
treated cells would adsorb all the antibodies that reacted 
with virus-treated cells, but virus-treated cells could not 
adsorb all the antibodies to trypsin-treated cells. These 
results show that trypsin makes new antigenic sites. 
The concept that viruses may vary a little in their 
reactions with the erythrocytes was developed first by 
Burnet and Stanley (11). They called this reaction the 
receptor gradient. As a result of their findings, they 
placed viruses in the following order: Mumps virus, NDV, 
influenza virus, MEL, WS, LEE BEL, MIL, B, and swine. Thus, 
if one virus combines with a cell and then elutes from the 
surface, the ability of another virus to attach to this same 
cell depends upon its position in the above list. If it is 
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below the first virus, it will not combine with the 
erythrocyte; if it is above, it will combine. This shows 
that different viruses may have a different affinity for 
the same antigenic site. 
Many workers with viruses believe that virus elutes 
from cells by the action of enzymes. These enzymes have 
not yet been isolated from viruses; on the other hand, 
Burnet and Stone (12) discovered that an enzyme isolated 
from Vibrio cholerae, called Receptor Destroying Enzyme, 
has the same effect on cells that viruses have. Burnet 
and Stone state that RDE has the following properties: 
a. Under its action red blood cells of any species sus-
ceptible to influenza virus HA are progressively rendered 
inagglutinable by viruses. There is a definite order in 
which agglutinability by different viruses is lost, this 
order being referred to as the receptor gradient. 
b. The enzyme is optimally active at pH 6.2 and required 
Ca ion for its functioning (0.1% CaC12). It is quite 
inactive in the presence of citrate or hexametaphosphate 
(Calgon). It can be titrated by finding what dilution in 
optimal diluent will just render a standard volume of 0 • .5 
per cent chicken cells inagglutinable by five agglutinating 
doses of the virus strain MEL. This represents one unit 
of RDE. c. When the action of RDE on red cells is complete, 
the cells show no signs of hemolysis nor of increased 
fragility. They are completely inagglutinable by any virus 
1.5 
in the series and their electrophoretic mobility is greatl7 
reduced, in the case of human cells from the normal value 
of l.Ju to O.l?u per second per volt per em. The cells 
are stable in saline suspension but are agglutinated by 
most mammalian sera, T agglutination. A special T 
agglutinin is involved which can be absorbed out of the 
serum and which in the case of the human species is not 
present in young infants. Appropriate immunization of 
animals and cross-absorption experiments indicate that a 
new surface antigen is produced or uncovered by the BDE 
action. d. All mucoids, which are capable of inhibiting 
HA by indicator viruses to high titer, are rendered pro-
gressively less active by BDE. Inhibitory action for 
different indicator viruses is lost in a sequence more or 
less equivalent to the receptor gradient determined by 
red cell experiments. With only one recorded exception 
all inhibitor action is removed when BDE acts to completion 
on a mucoid solution. e. Ovomucin is rendered non-
precipitable by protamine after prolonged action of BDE. 
f. By treatment with BDE shortly before challenge 
inoculation with influenza viruses, susceptible tissues 
can be protected against infection. The degree of pro-
tection varies according to the virus used and is transient. 
g. Virus attached to the surface of cells (erythrocytes 
or tissue cells) or undetectable by association with mucoid 
inhibitors can be •unmasked" by treatment of the preparation 
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with HDE. This statement must be qualified in respect to 
mumps and NDV. 
Gottschalk and Graham (26) found that HDE splits 
the disaccharide 6-alpha-D-acetylneuraminyl-N-acetyl-
galactosamine into N-acetylneuraminic acid and N-acetyl-
galactosamine (Figure 2). On the basis of this reaction 
they called the enzyme a "neuraminidase". Gottschalk (25) 
also found N-acetylneuraminic acid in substances that 
inhibit viruses. He states that BDE will react with these 
substances and split off a glucose or a galactose molecule. 
McCrea (45) gives a method for eluting inhibitory 
substances from erythrocytes and shows their chemical 
structure. He mixes stroma with pentane and elutes with 
50% ethanol. The results are shown in Table J. McCrea 
feels that the hexosamine obtained is most likely glucose 
or galactose. 
Klenk and Lempfrid (37) reported that RDE removes 
N-acetylneuraminic acid from the human erythrocyte, and 
they were able to crystallize the product. Influenza virus 
could not now react with the cells, hence N-acetylneuraminic 
acid seems to be an important constituent of virus receptors. 
Bohm et ~· (6) found N-acetylneuraminic acid in the serum 
after treating it with RDE. This was found in all human 
serum. 
Comb and Roseman (17) believe that the chemical 
structure of N-acetylneuraminic acid is composed of pyruvic 
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CN'_., 
I 
t ..... -h' 
Figure 2. - 6-alpha-D-acetylneuraminyl-N-acetylgalactosamine 
(Gottschalk and Graham (26)) 
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TABLE 3 
ANALYSIS AND VIRUS INHIBITORY ACTIVITY FROM STROMA 
FRACTIONS PRECIPITED WITH ETHANOL (45) 
Analysis Inhibitory Activity 
Material N,% P% Hexosamine%* H.LEE** H.MEL*** 
Fraction Al-l 9.1 1.5 10.0 1200 1280 
Fraction Al-2 10.1 1.5 8.8 2000 2560 
Fraction A2-l 9.6 1.0 10.0 1000 1280 
Fraction A2-2 10.5 0.7 10.6 1200 1800 
*Calculated as glucosamine-HCl 
**Titer of 1% solution against 10 units of indicator LEE 
Virus 
***Titer of 1% solution against 10 units of indicator MEL 
Virus 
acid and N-acetyl-D-mannosamine. They showed this by the 
reaction of N-acetylneuraminic acid aldolase. This enzymatic 
reaction is reversible. They found that only one substance, 
N-acetyl-D-mannosamine, could be used by the enzyme to pro-
duce N-acetylneuraminic acid. They state that the probable 
reason why earlier investigators found N-acetyl-D-glucosamine 
was that the latter used strong alkali in their reaction 
media and this produced mutarotation about the second carbon 
atom of the hexosamine. 
Barry's (J) investigations on colominic acid prove 
that it is a polymer of N-acetylneuraminic acid. He found 
that there is a small amount of carbon that cannot be 
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accounted for on the assumption that colominic acid is a 
polymer of N-acetylneuraminic acid. However, N-acetyl-
neuraminic acid was the only product found upon hydrolysis 
of colominic acid. Barry (4) also showed that colominlc 
acid is liberated into the media when certain E. coli are 
grown. 
D. ABH System 
In 1900, Karl Landsteiner (39) discovered that the 
sera of some human beings would clump the red blood cells 
of other individuals. From this observation comes the 
basis of our present knowledge of blood groups as is shown 
in Table 4. 
TABLE 4 
THE LANDSTEINER BLOOD GROUPS (39) 
Blood Group 
0 
A 
B 
AB 
Antigens in Cells 
A 
B 
A and B 
Agglutinins in Plasma 
Anti-A and Anti-B 
Anti-B 
Anti-A 
--
A new antigen in the ABO system was found and 
called anti-H by Morgan and Watkins (48). This led to the 
formation of the ABH system which is given in Table 5· 
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TABLES 
SUBGROUPS OF LANDSTEINER BLOOD GROUPS 
Blood Group Subgroup Antigens 
in Cells 
Agglutinins 
in Plasma 
0 
A 
A 
B 
AB 
AB 
0 H 
B 
Anti-A, anti-A1 , 
anti-B 
Anti-B, 
sometimes anti-H 
Anti-B, 
sometimes anti-A1 
Anti-A, anti-A1 
Sometimes anti-H 
Sometimes anti-A1 
This new antibody was called anti-H because it would react 
with O, A2 , and A2B cells. The best source of anti-H was 
found in a lectin from~ europeus (lS). 
Although it is now some fifty years since 
Landsteiner's discovery of blood groups, very little about 
the chemical constituents of these antigens is yet known. 
Watkins and Morgan (57) demonstrated that anti-H 
can be inhibited by fucose and its derivatives. This gave 
the first real insight into the chemical nature of the H 
antigen. These authors also found, by inhibition of an 
anti-A of plant origin (lectin), that N-acetylgalactosamine 
is a specific inhibitor; and they proved later that 0-alpha-
N-acetyl-D-galactosaminoyl-(l,J)-D-galactose inhibits human 
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anti-A (46). Kabat and Leskowitz (36) were able to show 
that 1,6-alpha-D-galactose inhibits anti-B. Figure 3 
taken from Boyd (7) summarizes the above results. 
To our knowledge no further advance has been made 
concerning the chemical nature of the antigens of the ABH 
system. In all probability the reason for this is that 
the chemical synthesis of carbohydrate compounds containing 
three or more molecules is difficult. Since natural ones 
are known to exist, but cannot be recovered from their 
natural state, they can only be produced through synthesis. 
E. Rh System 
In 1940, Landsteiner and Wiener (42) reported that 
in the serum from a rabbit immunized with Rhesus erythro-
cytes they could detect an agglutinin for human bloods. 
This new factor, called Rh, was then related to erythro-
blastosis fetalis. Levine and Stetson (43) had previously 
proposed that some factor inherited from the father by the 
fetus caused the production of antibodies in the mother. 
Later, it was learned that the mother was Rh negative and 
the father was Rh positive. This factor (antigen) passes 
from the fetal capillaries of the placenta into the mother's 
blood. The maternal antibodies then pass back into the 
fetal blood. The antibody causes red cell destruction, 
anemia, jaundice, edema, and in severe cases, even death. 
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·-[ } 
X 
A substance 
0 () 
Cfi' ~ 
B substance 
#..V~oc~ 
l 
H substance 
Figure 3. - Specific carbohydrates for the antigens 
A, B, and H. (Boyd (7)) 
Today there are several systems of notation for 
the Rh system. Here, the system of Fisher and Race (22) 
is used because it is clear and convenient. The six basic 
antigens in this scheme are known as c, c, E, e, D, and d. 
The allele of D, d, has yet to be found. Since e is not 
very antigenic, few people produce antibodies to it. Twelve 
possible Rh types can be tested for, and these are shown in 
Table 6. 
1. 
2. 
J. 
4. 
5· 
6. 
7· 
8. 
9· 
10. 
11. 
12. 
TABLE 6 
REACTIONS OF THE 12 Rh-GROUPS DISTINGUISHED 
BY 4 ANTI-Rh SERA 
Reaction with Serum 
Group Anti-C An ti-D An ti-E Anti-c 
cde 0 0 0 + 
cdE 0 0 + + 
cDe 0 + 0 + 
cDE 0 + + + 
Cde/c + 0 0 + 
CdE/c + 0 + + 
CDe/c + + 0 + 
CDE/c + + + + 
Cde/C + 0 0 0 
CdE/C + 0 + 0 
CDe/C + + 0 0 
CDE/C + + + 0 
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Calvin ~ ~· (13) developed a method of extracting 
the Rh antigen from erythrocytes and found two different 
substances: One, they called stromatin which was mostly 
protein and had no Rh antigen activity; the other, they 
called elinin. The latter was a lipoprotein which, 
according to them, exhibited the Rh antigen activity. These 
findings could not be repeated by other investigators, and 
elinin is no longer considered to be an Rh antigen. 
Carter (14) modified the method of Hallauer (28) 
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for producing Rh antigens, and attempted to remove the Bh 
hapten from the stroma of Rh positive cells. She removed a 
lipoid material which had an inhibitory effect on the Rh 
antibody and injected it into pregnant Rh negative women. 
These women had high titers of Rh positive antibody, andin 
the past, had produced children with erythroblastosis fetalis. 
Her data showed that maternal antibody was reduced and that 
the children produced were normal at birth. If the child 
was not normal at birth, it recovered from the antibody 
effects when injected with the "Rh hapten". Other workers, 
Murray et al. (SO), Stratton and Renton (S4), Coombs (18), 
and Howe and Rustigan (34), were not able to repeat either 
the reactions or the inhibitory effects reported by Carter 
(14). 
Howe (33) used another method for the extraction of 
antigens of the ABH system, Rh system, and the virus receptor. 
Since it was shown that the A substance produced by this 
method was 50 - 100 times weaker than the A substance from 
animals, the Rh antigen was also very weak. This work like 
the work of the previous author has not been fruitful. 
Only one group of investigators, Hackel~~· (27), 
have approached the problem successfully. Their approach, 
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that of inhibiting the Rh antibody by known chemical compounds, 
is the best so far and may lead to the eventual discovery of 
the chemical nature of the Rh antigen. 
The above investigators (27) by using the inhibition 
test with Rh serum and Lua were able to show that cytidine 
sulfate, adenylic acid, uridylic acid, and cytidylic acid 
all inhibit Rh antiserum (Table 7). They tried some sixty 
compounds containing carbohydrates, amino acids, RNA deri-
vatives, and DNA derivatives; and, of these, only those shown 
in Table 7 had any effect. These compounds were tried against 
antisera other than the above and were not inhibited. 
Hackel ~ !1• (27) felt that the specific inhibition by RNA 
derivatives may link the Rh and Lu8 closely to the basic 
genetic material of the body. 
Boyd~ al. (10), using the specific inhibition 
technique, showed that rutinose inhibits anti-D and that this 
antigen is inhibited by sugars of Group 4 in Makela's (44) 
classification. They also stated that anti-C is inhibited by 
L-glucose, and that anti-E is inhibited by sugars of Group 3, 
Group 4, and Group 2, in that order. These authors found 
that streptomycin and rutinose inhibited all the Rh antibodies 
Anti-serum Positive 
Control 
An ti-D 
Sample 1 ++ 
Sample 2 ++ 
Sample 3 ++ 
Anti-C 
Sample 1 ++ 
Sample 2 ++ 
Sample 3 ++ 
An ti-E 
Sample 1 ++ 
Sample 2 ++ 
Sample 3 ++ 
Anti-Lua 
Sample 1 ++ 
Sample 2 ++ 
Anti-Lub ++ 
All Other ++ 
Antisera 
tested 
(see above) 
TABLE 7 
SUM~~RY OF AGGLUTINATION INHIBITION (27) 
Cytidine Adenylic Uridylic Cytidylic 
Sulfate Acid Acid Acid 
- - - -
- - - -
-
w 
- -
-
w w 
-
-
(+) (+) w 
w (+) 
-
w 
- - - -
-
w 
- -
- - - -
- - -
w 
- - - -
w w w w 
++ ++ ++ ++ 
All 
Others 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
not 
tested 
Negative 
Control 
"' 
...., 
tested, but did not inhibit anti-A, anti-B, anti-N, and 
ant1-M. 
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III. METHODS USED 
A. Precipitin Test 
The precipitin test is carried out by placing 
approximately 0.04 ml of antiserum in the bottom of six 
small test tubes (35 x 2.5 mm). Six 10-fold dilutions of 
the antigen are made and each tube of antiserum is over-
layed with one of the dilutions of the antigen. At the 
end of twenty minutes a final "reading of the tubes" is 
made and recorded as follows: Plus 4, the strongest; 
plus 3; plus 2; plus l, the weakest; and negative. This 
reading is based on the amount of precipitate that appears 
at the interface between the antiserum and the antigen. 
B. Agglutination Test 
The agglutination test is carried out as follows. 
The Rh serum, the test substance, and the appropriate 
erythrocytes are gently shaken together in test tubes 
(70 x 6 mm) and then centrifuged for one minute at 1500 RPM. 
Each tube is then shaken individually until the cells are 
loosened from the bottom of the tube. The results of the 
agglutination test are read as follows: 4, one large clump; 
3, one large clump with small ones; 2, medium-size clumps; 
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1, small clumps; and negative, no clumps visible with the 
unaided eye. 
c. Inhibition Test 
The inhibition test is carried out by placing the 
specific Rh serum and the substance being tested for inhi-
bition activity in a small {70 x 6 mm) test tube. The Rh 
serum and the test substance are added drop for drop. In 
this test the Rh serum is kept at a certain concentration 
and the concentration of the test substance is varied. The 
Rh serum is titered so that a suitable concentration is 
used. This mixture is incubated for one hour at J7°C. The 
appropriate erythrocytes are then added and the tube is 
reincubated for another hour. All erythrocytes were washed 
three times with saline before being used. 
A control experiment is conducted with each group 
of tubes in which the test substance is replaced with saline. 
If the saline control did not give agglutination in the 
range of 2t - 3t, the whole test was repeated. Also, all 
solutions used as inhibitors were made in saline and the pH 
was adjusted to a range of 7 - B. 
The effect of each chemical compound was repeated 
at least five times to make sure that the inhibition could 
be reproduced. The results given in the tables in the next 
section are typical examples of these tests. All compounds 
)0 
that showed inhibition were repeated together, and each 
time a new group of chemicals was tested at least one good 
inhibitor was included as a check. Also, any compound 
that showed inhibition was tested against other antibodies 
of the blood groups to show that the effect was specific 
for the particular Rh antibody. 
Although the degree of inhibition may vary from 
test to test, neverless the inhibition technique is con-
sidered specific. If the identical antibody, inhibitor, 
and antigen are used each time, the results, 1· e., degree 
of agglutination, can be quantitated. However, if either 
the antibody or the antigen is replaced by another of the 
same specificity, the degree of inhibition may vary. Yet, 
when two compounds are compared for inhibition, the better 
inhibitor will always remain the better no matter how much 
each may vary in degree. 
D. Chemical Methods 
All the chemical compounds produced by the following 
methods will be shown diagrammatically when each is discussed 
in the Findings and Conclusions. 
Decomposition of Streptomycin 
The decomposition of streptomycin to streptobio-
samine followed the method given by Peck et al. (52) except 
that HCl was used instead of H2so4. The streptobiosamine 
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was not further purified but used as the crude product. 
Decomposition of Stylomycin (Puromycin) 
6-dimethylamino-(J 1amino-3'deoxy-beta-D-ribosyl-
furanose)-9-purine is one of the decomposition products 
of stylomycin. As shown by Baker et ~· (2), if stylo-
mycin is treated with sodium hydroxide, the above com-
pound is produced. This compound was crystallized and 
its melting point fell within the range given by the above 
authors. 
Coupling of Carbohydrates to other Organic Molecules 
The directions of Ellis and Honeyman (20) for 
coupling aniline to ribose and mannose were followed. 
When p-aminophenol was substituted for aniline in the 
mannose method given by the above authors, the appropriate 
mannose derivatives crystallized out. 
Coupling of Haptens to Proteins 
The coupling of haptens to protein has long been 
known. The method by which rutinose was coupled to protein 
was a modification of the technique of Epp (21). Rutin was 
used instead of the simpler rutinose. The tetraazotized 
benzidine was reacted with rutin and then with horse serum 
to give the antigen. 
The streptobiosamine was reacted with p-aminophenol 
according to the modified method of Ellis et al. (20) as 
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stated above. This crude compound was then coupled to 
tetraazotized benzidine and the benzidine streptobiosamine, 
in turn, coupled to dog serum according to the procedure of 
Heidelberger~ al. (29). The protein was then purified by 
ammonium sulfate precipitation. 
E. Immunization of Rabbits 
The previously mentioned protein hapten combinations 
were injected into two sets of five 10-pound male rabbits. 
The animals were injected on the first three days of four 
consecutive weeks. The injections of 1 cc of a 1% protein 
solution were made in the marginal ear vein. However, on 
the first day of the second, third, and fourth weeks the 
animals were given a 2 cc injection intraabdominally in 
order to avert anaphylactic shock. After treatment, the 
animals were rested five days and then bled. 
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IV. FINDINGS AND CONCLUSIONS 
In presenting the results of this investigation, 
the findings concerning the three antibodies are taken up 
separately. For each antibody, the results of inhibition 
tests by certain chemical compounds are given, and the 
results are then discussed in terms of the best inhibitors. 
Next, the difficulties of producing Rh-like antibodies is 
considered, and the results obtained by this approach are 
given. Following this, is a discussion of the results and 
their relation to the literature. In summary, there is 
presented a diagrammatic configuration of the chemical 
structures of the Rh antigens based on the inhibition 
studies of this work. 
A. Ant1-D 
Carbohydrates 
The first compounds used to detect the chemical 
nature of anti-D were the carbohydrates. There are two 
chief reasons for this choice. First, this family of 
organic compounds is believed to be the main component of 
blood group antigens, and in most cases, it is the carbo-
hydrate that accounts for the specificity of the antigen. 
This is true 1n the case of the ABH system. (7). Secondly, 
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the lectins are also affected by this family of compounds. 
In fact, Boyd (9) suggested that these plant globulins are 
carbohydrate catchers and that this is their main function 
in the normal plant. The reason why they cross react with 
the blood group antigens is because of their affinity for 
carbohydrates. 
The results given in Table 8 indicate that pentoses 
are the best inhibitors, and that the D series of hexoses 
are better inhibitors than the L series. Relatively 
speaking the inhibition by these compounds is poor and there 
is no significant difference between them. Figure 4 
illustrates the structural formula of the carbohydrates used 
in this research. 
When these carbohydrates are arranged in Makela's 
(44) classification, according to the steric arrangement of 
their hydrogen and hydroxyl groups about the third and fourth 
carbon atoms, one finds that the Group J carbohydrates may be 
better inhibitors than the others (Table 8). The degree of 
inhibition of anti-D, nevertheless, shows that the size of 
the carbohydrate molecule may be more significant than the 
position of the carbohydrate in Makela's (44) classification. 
The above results do not agree with Hackel ~ ~· 
(27) who found that ribose did not produce inhibition. In 
this work, both ribose and lyxose inhibited the reaction at 
0.2M (Table 8). This difference is important because, as 
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TABLE 8 
INHIBITION BY CARBOHYDRATE AGAINST AN'rl-D 
Carbohydrate ,, " Makela's Dilution of Carbohydrate 
Classification 
0.2M 0.1M o.osM o.o25M 0.012M 
D-rlbose 1 
-
1 1 2 2-t 
L-lyxose 4 
-
H 3 3 3 
D-glucose 3 1 2 2~ 3 3 
L-glucose 4 2~ 2~ 3 3f2 3! 
D-mannose 3 1 2 2! 3 3 
L-mannose 4 1! 2 2~ 3 3 
o.oo6M 
3 
3 
3 
3! 
3 
3 
\..o) 
0\ 
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D-mannose L-mannose 
1'1- eAI "'N li 
D-glucose L-glucose 
,fl 
0 
N 01' 
~0# ~0~ 
OH # 
~IV 
""" 
O# o# 
D-ribose L-lyxose 
Figure 4. - Carbohydrates 
will be pointed out later, compounds containing carbo-
hydrates give the best inhibition. 
Antibiotics 
When looking for inhibitory compounds, antibiotics 
were considered because Boyd et ~· (10) had found strepto-
mycin to have inhibitory power and also because these 
compounds usually have carbohydrates in their molecular 
structure. Streptomycin has N-methyl-L-glucosamine, and 
stylomycin, which was called puromycin in the early lit-
erature, has 3-amino-D-ribose as part of their respective 
molecules. Although carbomycin does not contain a true 
carbohydrate, it does have a long side chain that resembles 
a carbohydrate molecule. Streptomycin was decomposed and 
the carbohydrate portion of the molecule, called strepto-
biosamine, was removed. Stylomycin was decomposed and 
6-dimethylamino-9-(J 1amino-3 1deoxy-beta-D-ribofuranosyl)-
purine was recovered and used for inhibition reactions. 
The structure of these compounds is shown in Figures 5, 6, 
and 7. Table 9 summarizes results of experimental testing 
of their inhibitory power. 
Inhibition by antibiotics is good. Even carbomycin, 
which is quite insoluble at pH 8, gives slight inhibition. 
The decomposition products of the first two antibiotics 
have inhibitory power, which vary slightly in degree. When 
compared with their parent compounds, streptobiosamine has 
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Figure 5· - Antibiotics 
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TABLE 9 
INHIBITORY ACTIVITY OF ANTIBIOTICS AND THEIR DECOMPOSITION PRODUCTS TOI'IARD ANTI•D 
Inhibitor Dilution of Inhibitor 
0.2M O.lM 0.05M 0.025M O.Ol2M 0.006M 0.003M 0.0015M 0.0007M 0.0003M O.OOOlM 
Strepto-
mycin 
Strepto-
biosamine 
Stylomycin 
6-dimethyl-
amino-9- (3 1 
amino-3'-
deoxy-beta-
D-ribofur-
anosyl)-
purine 
Carbomycin 
1 H 
1 
2 
2! 
lt 
2i 
i 
3 3 3 
2~ 3 3 
3 3 3 
2 2 2i 
~ 1 
t:; 
much less inhibitory effect, while 6-dimethylamino-9-(3 1 
amino-J'deoxy-beta-D-ribofuranosyl)-purine had almost the 
same. Again, the presence of ribose seems to be important. 
A comparison of the compounds that Hackel et al. (27) 
found to inhibit and these antibiotics shows a structural 
relation between them. They found that 5'adenylic acid 
and 2', )'adenylic acid inhibited this anti-serum. The 
structure of these compounds is shown in Figure 8, and the 
inhibition results found in this investigation are given 
in Table 10. 
TABLE 10 
INHIBITION OF ADENYLIC ACID AGAINST ANTI-D 
Adenylic 
Acid 
Dilution of Adenylic Acid 
0.05M 0.025M O.Ol2M 0.006M O.OOJM 0.0015M 
5 'adenylic 
acid 
2 I ' Jl 
adenylic 
acid 
1 
1 1 
1 2 
Although adenylic compounds are good inhibitors, 
the 6-dimethylamino-9-(J'amino-J'deoxy-beta-D-ribofuranosyl)-
purine compound which resembles them gives relatively poor 
inhibition. 
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2', J' adenylic acid 
Figure 8. - Adenylic acids 
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Carbohydrates coupled to other organic compounds 
In the antibody inhibition test, the larger the 
compound used to inhibit, the better the inhibition (J5). 
Thus, in passing from a monosaccharide to a dimolecular 
compound, if this larger compound resembles the true con-
figuration of the antigen, then the inhibition will be 
greatly increased. Since the inhibitory effect of stylo-
mycin was reduced by removing the tyrosine residue, it was 
thought that this group might have some effect on the 
specificity of the antigen. Carbohydrates and streptobio-
samine which reacts like a carbohydrate, were coupled to 
aniline and p-aminophenol. The structure of these compounds 
is illustrated in Figures 9, 10, and 11. The inhibition 
results are given in Table 11. 
Although the inhibition results were predicted, the 
marked degree of inhibition by the p-aminophenol compound 
was not anticipated. The inhibition by the aniline deri-
vatives was poor. The inhibition by the ribose and mannose 
derivatives of p-aminophenol compounds was the best found 
in this investigation. The difference between the strepto-
biosamine derivatives and the two carbohydrate derivatives 
was great, yet the aniline and p-aminophenol derivatives of 
streptobiosamine were the same. 
The result obtained with the carbohydrate derivative 
of p-aminophenol shows that the inhibitory group is a 
combination of a carbohydrate and p-aminophenol and not a 
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Figure 9. - Carbohydrate derivatives 
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Inhibitor 
Aniline 
N-phenyl-
strepto-
biosamine 
N-phenyl-
D-ribo-
sylamine 
p-amino-
phenol 
p-hydroxy-
N-phenyl-
strepto-
biosamine 
TABLE 11 
THE INHIBITION OF ANTI-D \VITH CARBOHYDRATES AND STB.EPTOBI0:3MIINE 
COUPLED TO OTHER ORGANIC COMPOUNDS 
Dilution of Inhibitor 
0.2M O.lM 0.05M 0.025M 0.012M 0.006M 0.003M 0.0015M O.OOO?M 0.0003M O.OOOlM 
- - -
2 2 2 
-
1 a 3 3 3 
1 1 2 2 2 2 
- - -
H H 2 2 
-
1 a a H 2 
~ 
\0 
Inhibitor 
p-hydroxy-
N-phenyl-
D-manno-
sylam1ne 
p-hydroxy-
N-phenyl-
D-r1bo-
sylam1ne 
TABLE 11 - Continued 
Dilution of Inhibitor 
0.2M O.lM 0.05M 0.025M 0.012M 0.006M 0.003M 0.0015M 0.0007M 0.0003M O.OOOlM 
2 3 
2~ 2 
\.n 
0 
special carbohydrate. Examination of the structure of 
p-hydroxy-N-phenyl-ribose and p-hydroxy-N-phenyl-mannose 
shows few resemblances. The p-aminophenol and the type 
of coupling are the same in both of the above compounds. 
The only remaining resemblance is that the Number 4 carbon 
has the same configuration in both carbohydrates. The 
Number 3 carbon, however, is different. Another difference 
is that ribose is a pentose and mannose is a hexose, so 
that a significant difference in their inhibition would be 
expected. Another difference is the arrangement about the 
Number 2 carbon. All these differences should make a 
difference in the inhibitory power of these compounds, yet 
both have the same inhibitory effect. 
Aniline and p-aminophenol were included as controls 
in the inhibition test. Both proved to be good inhibitors, 
although not as good as the carbohydrate derivatives. In 
the case of aniline, the inhibition was nearly as good 
alone as when coupled to ribose. 
Since a p-hydroxy-N-phenyl-D-ribose-like compound 
is part of the stylomycin molecule (Figure 6), then one 
would expect the latter to be a better inhibitor. If this 
structure is important, the decomposition of stylomycin 
should destroy its inhibitory effect. The stylomycin 
molecule is complicated by containing a purine of a type 
similar to that found in adenylic acid. Therefore, with 
both compounds in its molecule it is difficult to under-
51 
stand why stylomycin is not a better inhibitor. However, 
the fact still remains that the p-hydroxy-N-phenyl-D-
carbohydrate derivatives are the best inhibitors. 
Colominic acid 
As pointed out in the review of the literature, 
N-acetylneuraminic acid seems to be related to anti-D. To 
determine this relation, a polymer of N-acetylneuraminic 
acid (3), colom1nic acid, was tried as an inhibitor. 
N-acetylglucosamine was also used for a comparison. The 
structure of these compounds is given in Figure 12. 
Table 12 shows the inhibition results. It may be seen that 
colominic acid does have inhibitory power while N-acetyl-
glucosamine has very little. 
Indol derivatives 
Both Hackel ~ al. (27) and the present investigator 
found adenylic acid derivatives to be good inhibitors. 
Stylomycin also inhibits, although not as well as the 
adenylic acid derivatives. Thus, the idea of using indol 
derivatives came to light. Figure 13 illustrates the 
structure of these indol compounds, and their inhibitory 
action is presented in Table 13. 
The inhibition by these compounds was good. Thus, 
it would seem that the purine ring may be important to the 
structure of the Rh antigen. 
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l..n 
....., 
Inhibitor 
Colominic 
Acid 
N-acetyl-
gluco-
samine 
TABLE 12 
THE INHIBITION OF M'TI-D WITH COLOMINIC ACID 
AND N-ACETYI.GLUCOSAt1INE 
Dilution of Inhibitor 
0.2M 0.1M 0.05M 0.025M 0.012M 0.006M O.OOJM 0.0015M 0.0007M O.OOOJM 0.0001M 
l 1~ 2~ 2~ 2 2 
- - - - -
2 
'! H ± 1 1~ 2 
I.J\ 
""'" 
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Indol acetic acid 
/1 
H 
Indol butyric acid 
Figure 13. - Indol compounds 
TABLE 13 
INHIBITION OF INDOL COMPOUNDS AGAINST ANTI-D 
Indol Dilution of Indol 
0.025M O.Ol2M 0.006M O.OOJM 0.0015M 0.0008M 
Indol 
acetic 
acid 
Indol 
butyric 
acid 
Amino acids 
1 
+ 1 
1 2 
1 2 
The group removed from stylomycin is a tyrosine 
derivative {Figure 6). For this reason tyrosine and 
phenylalanine were tried as inhibitors. Figure 14 
illustrates the close resemblance of these compounds, 
and Table 14 presents their inhibition effect. Since 
these amino acids are structurally similar to the p-amino-
phenyl group, this may account for the inhibition. 
Miscellaneous compounds 
Two unrelated compounds were used. One, p-amino-
phenyl acetic acid, resembles p-aminophenol in structure. 
The other compound, salicin, is interesting because it 
consists of a carbohydrate, glucose, coupled to a sub-
stituted phenyl ring. Salicin resembles the p-aminophenyl 
tf 
Ho 
L-tyrosine 
L-phenylalanine 
r t 
'-- t- (OI>JI 
I I 
~ Nilz. 
Figure 14. - Amino acids 
S7 
Amino Acid 
L-phenyl-
alanine 
L-tyrosine 
TABLE 14 
INHIBITION BY AMINO ACID AGAINST ANTI-D 
Dilution of Amino Acid 
O.lM 0.05M 0.025M 0.012M 0.006M O.OOJM O.OOlM 0.0007M 
i i 2 
t 1 li: 
\J\ 
co 
derivative of the carbohydrates. The formula for these 
compounds is given in Figure 15. Presented in Table 15 
are the inhibition results which show that salicin is a 
good inhibitor and that p-aminophenyl acetic acid is better 
than its parent compound, p-aminophenol. 
Summary of anti-D 
The best inhibitors of anti-D are listed in Table 16. 
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The structure of these compounds may be found in the appro-
priate sections. The only constituent common to most of these 
compounds is a carbohydrate molecule. The type of carbohy-
drate molecule is not important, since it makes little 
difference in inhibition whether mannose or ribose is present. 
This may be seen when comparing the two p-aminophenyl deri-
vatives of these carbohydrates. It would seem that the most 
important group here is the p-hydroxy group, because the 
aniline derivatives of these carbohydrates do not have the 
inhibitory power of the two p-hydroxy compounds. Salicin 
resembles the p-aminophenyl derivative and is a glucose 
derivative of benzene coupled ortho to a primary alcohol 
group. This primary alcohol could provide the hydroxyl 
group, accounting for the inhibition of the compound. 
Because it is ortho instead of para and because it is a 
primary alcohol probably accounts for the reduced inhibitory 
power. 
The next group of inhibitors, that of Hackel ~ ~· 
H 
"' ' (.-Goo4J 
' I# 
p-aminophenyl acetic acid 
o-----l 
0 
salicin 
Figure 15. - Miscellaneous compounds 
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Compound 
p-aminophenyl 
acetic acid 
Salicin 
TABLE 15 
INHIBITION BY MISCELLANEOUS COMPOUNDS AGAINST ANTI-D 
Dilution of Compound 
-
0,2M O,lM 0.05M o.o25M O.Ol2M o.oo6M o.oo3M 0.0015M 0.0007M 
-
+ 1! 2 2 2~ 
- - -
1 2 2! 
"' ...... 
Inhibitor 
D-ribose 
L-lyxose 
Strepto-
mycin 
p-hydroxy-
N-phenyl-
D-manno-
sylamine 
p-hydroxy-
N-phenyl-
D-ribo-
sylamine 
Colominic 
Acid 
TABLE 16 
THE BEST INHIBITORS OF ANTI-D 
Dilution of Inhibitor 
0.2M 0.1M 0.05M 0.025M 0.012M 0.006M 0.003M 0.0015M O.OOO?M 0.0003M 0.0001M 
1 1 
1~ 3 
2t 
2 
3 
3 
2~ 
3 
3 
3 
3 
3 
;l 
" 
2 3 
+ 2t 2 
H 2! 2! 2 2 
e-
N 
Inhibitor 
5'adenylic 
acid 
2' ,) I 
adenylic 
acid 
Indol 
acetic 
acid 
Indol 
butyric 
acid 
Salicin 
TABLE 16 - Continued 
Dilution of Inhibitor 
0.2M 0.1M 0.05M 0.025M 0.012M 0.006M O.OOJM 0.0015M 0.0007M O.OOO)M 0.0001M 
- - ± - 1 1 
- - - - t i 
- -
i 1 1 2 
- - ± 1 1 2 
- - -
1 2 2i 
o-
w 
(27), contains the 5'adenylic acid and 2 1 , )'adenylic acids. 
These compounds differ only in the position of the phosphoric 
acid on the ribose ring. Two compounds that resemble the 
purine structure of the adenylic acid derivatives are indol 
acetic acid and indol butyric acid. These have an inhibitory 
effect (Table 16), and thus purine would seem important in 
this regard. Stylomycin, which has a substituted purine ring, 
does not show as much inhibiting power as the two above 
mentioned compounds. This might mean that the six amino 
group of the purine is important; and if it is substituted 
with too large a group as in stylomycin, it would not fit as 
well. In the indols, the number 6 position is not substituted 
at all, so there is no hindrance here; but of course, the 
coupling is not nearly as strong. 
The remaining inhibitors all have one thing in common, 
carbohydrates in their molecules. Colominic acid is a 
polymer of a special type carbohydrate, and it is made up of 
pyruvic acid and N-acetyl-D-mannosamine. Streptomycin has 
N-methyl-L-glucosamine as part of its structure. In con-
sidering the literature, the fact that colominic acid 
inhibits anti-D is not surprising. BDE removes N-acetyl-
neuraminic acid from the erythrocyte, and sialic acid 
derivatives, which sometimes inhibit viruses, also inhibit 
anti-D. 
The inhibition by the two pentoses, ribose and 
lyxose, is weak. On the other.hand, of all the carbohydrates 
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used, these were the best inhibitors. 
Previous results showed (Table 16) that a benzene 
ring coupled to a carbohydrate through an amino group with 
an hydroxyl group para to the amino group is probably the 
most important inhibiting group. A purine containing a 
carbohydrate is also an important inhibitor. 
B. Anti-C 
Carbohydrates 
The inhibition test for anti-C was tried against 
the carbohydrates given in Table 17. The structure of 
these carbohydrates may be found in Figure 4. The reaction 
of this group of carbohydrates against anti-C is unusual 
when compared to the reaction shown with anti-D. Only one 
carbohydrate, L-lyxose, shows inhibition. This is signi-
ficant because it may mean that L-lyxose is an important 
constituent of the C antigen. None of the other inhibitors 
contain this carbohydrate or even a similar one. Ribose is 
also a pentose and is present in some inhibitors, but it 
belongs to a different group of carbohydrates (44). L-
lyxose is in M~kel~'s (44) Group 4, along with L-mannose. 
As the results show, however, this does not give inhibitory 
power to the latter carbohydrate. 
Antibiotics 
The same three antibiotics used against anti-D were 
TABLE 17 
INHIBITION BY CARBOHYDRATS AGAINST ANTI-C 
Carbohydrate Makela's Dilution of Carbohydrate 
Classification 
0.2M 0.1M o.05M 0.025M 0.012M 
D-ribose 1 1 1~ 2t 2t 3 
L-lyxose 4 
-
± ± 1 2t 
D-glucose 3 2 2 2t 2t 3 
D-mannose 3 2t 3t 4 4 4 
L-mannose 4 1t 2t 3 3 3 
o.oo6M 
3 
2t 
3 
4 
3 
0\ 
0\ 
used against anti-C. Their structure is illustrated in 
Figures 5, 6, and 7. Table 18 presents the inhibition 
results obtained with these compounds. Also listed in the 
table is the decomposition product of streptomycin, 
streptobiosamine; and that of stylomycin, 6-dimethylamino-
9-{J'amino-J'deoxy-beta-D-ribofuranosyl)-purine. Of all 
these compounds, stylomycin is the best inhibitor. 
Streptomycin is a fair inhibitor, while carbomycin shows 
no inhibitory power. The break-down products of the anti-
biotics are not as good inhibitors as their parent compounds. 
The adenylic acids were also tried against anti-C. 
Their structure is shown in Figure 8. Table 19 shows the 
inhibition with these compounds. 
TABLE 19 
INHIBITION OF ADENYLIC ACID AGAINST ANTI-C 
Adenylic 
Acid 
5'adenyl1c 
acid 
2' t J' 
adenylic 
acid 
Dilution of Adenylic Acid 
0.05M 0.025M O.Ol2M 0.006M O.OOJM 0.0015M 
2 4 4 
2 4 
Since both stylomycin and adenylic acid derivatives 
inhibited anti-D, and since only stylomycin inhibited 
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TABLE 18 
INHIBITORY PO;-/ER OF ANTIBIOTICS AND THEIR DERIVATIVES AGAINST ANTI-C 
Compound Dilution of Inhibitor 
0.2M 0.1M 0.05M 0.025M 0.012M 0.006M 0.003M 0.0015M 0.0007M 0.0003M 0.0001M 
Strepto-
mycin 
Strepto-
biosamine 
Stylo-
mycin 
6-dimethyl- _ 
amino-9-(3' 
amino-3 1 -
deoxy-beta-
D-ribofur-
anosyl)-
purine 
Carbomycin 
+ 
t 
! 
1 1 
2 3 
• ~ 
2 2 
a 2 
3 3~ 4 
~ ! 
3~ 4 4 
2~ 3t 
0\ 
OJ 
anti-C, this points to a difference in structure between 
these two antigens. 
Carbohydrates coupled to other organic compounds 
Figures 9, 10, and 11 illustrate the structure of 
these carbohydrate compounds. The results presented in 
Table 20 show little inhibition against anti-C. This 
indicates that the carbohydrates used were not the right 
ones. Aniline and p-aminophenol, by themselves, show some 
degree of inhibition which is not increased when these 
compounds are coupled to ribose or mannose. However, from 
the above results, it would seem that inhibition would be 
greatly increased if these compounds were coupled to 
L-lyxose. 
Colominic acid 
The structure of this compound is illustrated in 
Figure 12. Table 21 presents the inhibitory power of 
colominic acid and N-acetyl-D-glucosamine. The inhibitory 
action of colominic acid against anti-C was as one would 
expect. As is shown in the literature, viruses destroy 
the antigenic site of anti-D on an erythrocyte but not that 
of the other Rh antigens. 
Indol derivatives 
Figure 13 demonstrates the structure of these com-
pounds, and their inhibition results against anti-C are 
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TABLE 20 
INHIBITORY POAER OF CARBOHYDRATES COUPLED TO OTHER ORGANIC COMPOUNDS AGAINST ANTI-C 
Compound Dilution of Inhibitor 
0.2M O.lM 0.05M 0.025M 0.012M 0.006M 0.003M 0.0015M 0.0007M 0.0003M 0.0001M 
An1line ~ l. 1 1~ 2 - If 
N-phenyl- 2 2 3 3 3 3 
strepto-
biosamine 
N-phenyl- 2t 3 3 3~ 3~ 3! 
D-manno-
sylamine 
N-phenyl- 2 2i 2~ 3 3! 3i 
L-manno-
sylamine 
N-phenyl- 2 3~ 4 4 4 
D-ribo-
sylamine 
p-amino-
- ± 2 3 3 3 phenol 
"' 0 
TABLE 20 - Continued 
Compound Dilution of Inhibitor 
0.2M 0.1M 0.05M 0.025M 0.012M 0.006M 0.003M 0.0015M 0.0007M 0.0003M 0.0001M 
p-hydroxy-
N-phenyl-
strepto-
biosamine 
p-hydroxy-
N-phenyl-
D-manno-
sylamine 
p-hydroxy-
N-phenyl-
D-ribo-
sylamine 
a 2~ 
i 
1 
2~ 3 3 3 
2 3 4 
1! }~ 4 
-...J 
.... 
Amino acids 
Figure 14 in the previous section shows the structure 
of the amino acids. Table 23 presents the results of their 
inhibition, As may be seen, a small amount of inhibition 
was found with both compounds. 
Miscellaneous compounds 
The formula of the two miscellaneous compounds is 
given in Figure 15, and the inhibition effects are presented 
in Table 24. These compounds showed little inhibition 
against this antibody. 
Summary of anti-C 
A summary of the results obtained by the best 
inhibitors of anti-C is given in Table 25. The results with 
anti-C, however, are more promising than those with anti-D 
because inhibition was more specific. The main difference 
is the strong inhibition of anti-C by L-lyxose. On the 
other hand, it seems that certain compounds inhibit both 
these antibodies, which probably means that these inhibitors 
are common to both Rh antigens. 
C. Antl-E 
Carbohydrates 
The carbohydrates listed in Table 26 were tested 
against anti-E. Their structure is illustrated in Figure 4. 
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Amino 
Acid 
Phenyl-
alanine 
Tyrosine 
TABLE 23 
INHIBITORY PQi,~'ER OF AMINO ACIDS AGAINST ANTI-C 
Dilution of Cpmpound 
0.2M O.lM 0.05M 0.025M 0.012M 0.006M 0.003M 0.0015M 0.0007M 0.0003M O.OOOlM 
1 li 2 2i' 3 3 
1 2 2i 3 3 
~ 
TABLE 24 
INHIBITION BY MISCELLANEOUS COt~POUNDS AGAINST ANTI-C 
Compound Dilution of Compound 
0.2M 0.1M o.o5M o.o25M o.012M o.oo6M o.oo:m 0.0015M o.ooo?M 
p-aminophenyl- 1 1 2 J~ Jt Jt 
acetic acid 
Salicin it J J J~ J-i J~ 
~ 
TABLE 2.5 
THE BEST INHIBITORS OF ANTI-C 
Inhibitor Dilution of Inhibitor 
6.2M 0.1M 0.0,5M 0.02.5M 0.012M 0.006M O.OOJM 0.0012M 0.0006M O.OOOJM 0.0001M 
L-lyxose 
-
+ 
-
± 1 2~ 2~ 
Strepto-
- -
1 1 1~ 2 
mycin 
Stylomy-
- - -
t 1J 1J 
cln 
p-hydroxy-
- -
~ 2 J 4 
N-phenyl-
D-rnanno-
sylamlne 
p-hydroxy-
- -
1 1~ J~ 4 
N-phenyl-
D-ribo-
sylamine 
Indol 
- -
1~ J J J 
acetic acid 
Indol 
- -
1 1 1 1ta 
butyric acid 
--.] 
0\ 
TABLE 26 
INHIBITION OF ANTI-E '.nTH CARBOHYDRATES 
Carbohydrate Makela's Dilution of Carbohydrate 
Classification 
0.2M 0.1M o.05M o.o25M 0.012M o.oo6M 
D-ribose 1 1 a 2i 2t 3 3 
D-glucose 3 1-II 1~ a 3 3 3 
D-mannose 3 1 2 3 3 3 3 
L-mannose 4 1! 2 2i 3 3 3 
--.:1 
--.:1 
The results do not show any significant inhibition; thus, 
it appears that none of these carbohydrates have any 
effect on anti-E. 
Antibiotics 
The antibiotics and their degradation products are 
shown in Figures 5, 6, and 7. Table 27 presents the results 
of their inhibition against anti-E. Streptomycin is the 
strongest inhibitor in this group. Stylomycin is also a 
good inhibitor. 
The structure of adenylic acid is shown in Figure 8, 
and the results of the tests are listed in Table 28. 
TABLE 28 
INHIBITION BY ADENYLIC ACID AGAINST ANTI-E 
Adenylic 
Acid 
Dilution of Adenylic Acid 
0.025M 0.0+2M 0.006M 0.003M 0.0015M 0.0008M 
5 1 adenylic 
acid 
2 I J 3 I 
adenylic 
acid 
1 2 
1 2 
The inhibitory power of these compounds was good. 
3 
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TABLE 27 
INHIBITORY PO\oJEH OF ANTIBIOTICS AND THEIR DERIVATIVES AGAINST ANTl-E 
Compound Dilution of Compound 
0.2M O.lM 0.05M 0.025M O.Ol2M 0.006M 0.003M 0.0015M 0.0007M 0.0003M 0.0001M 
Strepto-
mycin 
Strepto-
biosamine 
Stylo-
mycin 
6-dimethyl-
amino-9-(3' 
amino-3'-
deoxy-beta-
D-ribofur-
anosyl)-
purine 
Carbomycin 
~ 
1 3 
1 
2 2 
2 3~ 
3 3 3 
2 3 
3 3 3 
2~ 3~ 
"" \,() 
Carbohydrates coupled to other organic compounds 
Figures 9, 10, and 11 illustrate the structure of 
these compounds. Their inhibitory power may be found in 
Table 29. These compounds gave little inhibition which 
was surprising in view of the results obtained with anti-
D and anti-C. 
Colominic acid 
The structure may be seen in Figure 12. Table 30 
presents the inhibitory results of this compound against 
anti-E. Colominic acid had no inhibitory effect against 
anti-E. 
Indol derivatives 
Figure 13 shows the structure of these compounds. 
The results of these tests are given in Table 31. The 
indol compounds show weak inhibition, and the acetic acid 
derivative is better than the butyric acid. 
Amino acids 
Figure 14 shows the structure of the amino acids. 
The inhibition found with phenylalanine and tyrosine is 
presented in Table 32. Little inhibition was produced by 
these amino acids. 
Miscellaneous compounds 
Figure 15 gives the structure of and Table 33 shows 
the inhibition by these compounds. It is interesting that 
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TABLE 29 
INHIBITION BY CARBOHYDRATE DERIVATIVES OF OTHER ORGANIC COMPOUNDS AGAINST ANTI-E 
Inhibitor 
Aniline 
N-phenyl-
strepto-
biosamlne 
N-phenyl-
D-manno-
sylamine 
N-phenyl-
D-rlbo-
sylamlne 
Dilution of Inhibitor 
0.2M O.lM 0.05M 0.025M 0.012M 0.006M o.OOJM 0.0015M 0.0007M O.OOOJM 0.0001M 
1 1 2 
2 
2~ 
2 
J 
J 
J 
2~ 
J 
J 
J 
J 
J 
J 
J 
J 
J J 
J J 
Ol 
..... 
Inhibitor 
p-hydroxy-
N-phenyl-
strepto-
biosamine 
p-hydroxy-
N-phenyl-
D-rnanno-
sylamine 
TABLE 29 - Continued 
Dilution of Inhibitor 
0.2M O.lM 0.05M 0.025M O.Ol2M 0.006M 0.003M 0.0015M 0.0007M 0.0003M O.OOOlM 
~ 2 2~ 2~ 3 3 
1 a 1i 2 3 3 
CXl 
1\J 
Compound 
Colom1n1c Acid 
N-acetyl-D-
glucosamine 
TABLE 30 
INHIBITION BY COLOMINIC ACID AGAINST ANTI-E 
Dilution of Compound 
0.2M O.lM 0.05M 0.025M 0.012M 0.006M 0.003M 0.0015M 0.0007M 
2! 3~ 
1 2 2i 3 
3i 
3 
3i 
3 
3! 3! 
00 
\...) 
Compound 
Indol Acetic 
Acid 
Indol Butyric 
Acid 
TABLE 31 
INHIBITION BY INDOL AGAINST ANTl-E 
Dilution of Compound 
0.2M 0.1M 0.05M 0.025M 0.012M 0.006M O.OOJM 0.0015M 0.0007M 
* 
1 1 1~ 2~ 2~ 
~ 1 1 H 2! 2! 2i 
(X) 
""'" 
Amino 
Acid 
Phenyl-
alanine 
Tyrosine 
TABLE 32 
INHIBITION OF ANTI-E BY AMINO ACIDS 
Dilution of Amino Acid 
0.2M O.lM 0.05M 0.025M 0.012M 0.006M 0.003M 0.0015M O.OOO?M 0.0003M 0.0001M 
1 
2 H 2~ 3 3 
1 
3 
1! 2! 3 3 
~ 
Compound 
p-aminophenyl 
acetic acid 
Salicin 
TABLE 33 
INHIBITION BY MISCELLANEOUS COMPOUNDS AGAINST ANTl-E 
Dilution of Compound 
0.2M O.lM 0.05M 0.025M 0.012M 0.006M 0.003M 0.0015M O.OOO?M 
1 1~ 3 
2 3~ 3~ 3! 3! 3! 
CXl 
0'-
p-aminophenyl acetic acid inhibits anti-E better than any 
other Rh antibody, while salicin has no effect at all. 
Summary of anti-E 
Table 34 lists the best inhibitors against anti-E. 
The inhibition by adenylic acid and stylomycin may be 
related to the percentage of ribose and purine in their 
molecules. Streptomycin and streptobiosamine inhibition 
is probably related to the N-methyl-L-glucosamine that is 
present in both these compounds. The inhibition by p-
aminophenyl acetic acid is somewhat baffling, perhaps the 
free amino group might be of importance. 
D. The Use of Inhibitors to Produce Antibodies 
As Landsteiner (38) described, some compounds 
coupled to protein produce antibodies that are specific 
for this compound. These he called haptens. 
In view of the above fact, rutin (10) and p-
hydroxy-N-phenyl-streptobiosamine were used as haptens. 
These were injected into rabbits, and the sera were checked 
for antibodies as well as for Rh activity. Table 35 
presents the results found with the ring test for each of 
the haptens. A weak antibody was produced to both. It 
could not be shown, however, that these antibodies 
reacted specifically with Rh positive cells in comparison 
to Rh negative ones. These results were disappointing, but 
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Inhibitor 
0.2M 0.1M 
Streptomycin 
- -
Strepto-
-biosamine 
Stylomycin 
- -
5'adenyl1c acid 
2' ,) 'adenylic 
acid 
p-aminophenyl 
acetic acid 
TABLE )4 
THE BEST INHIBITORS OF A~fli-E 
Dilution of Inhibitor 
0.05M o.o25M o.o12M o.oo6M O.OOJM 
- -
2 Ji 
1 J J J J 
-
1 2 J 
- -
1 a 2 
- -
1 1~ 2 
- - -
1 
0.0015M 
J 
J 
1t 
O.OOO?M 
J 
()) 
()) 
TABLE 35 
THE RESULTS OF THE RING TEST OF SERA OF RABBITS INJECTED 
WITH EITHER RUTIN ANTIGEN OR p-HYDROXY-N-PHENYL-
STREPTOBIOSAMINE WITH CASEIN ANTIGEN 
Rabbit 
#838 
#815 
#817 
Dilution of Casein Antigen 
Undiluted 1:10 1:100 1:1,000 1:10,000 1:100,000 
2 
1 
1 
Rutin 
2 1 
p-hydroxy-N-phenyl-streptobiosamine 
this method may work with a better inhibitor. 
The results of the inhibition by colominic acid 
led to the idea of using a certain strain of Escherichia 
coli (4) known to contain colominic acid-like material 
in its capsule. Antibodies to this capsule might cross 
react with the colominic acid of the Rh antigen, 
Five rabbits were injected with this strain of 
E. coli and the serum of each was reacted with Rh positive 
and Rh negative erythrocytes. No correlation between the 
cells that were agglutinated by these sera and the Rh 
type of the erythrocytes could be found. Thus, the N-
acetylneuraminic acid present in both these sources must 
differ antigenically. 
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E. Discussion: Inhibitors that React 
Differently with the Three Rh Antibodies 
The inhibitors that react differently with the 
three Rh antibodies are listed in Table ]6. This research 
has contributed most to the knowledge of the structure of 
anti-D. Three compounds, D-ribose, colominic acid, and 
salicin, were found to inhibit anti-D and to have no 
effect on either anti-C or anti-E. It was possible to 
find one inhibitor, L-lyxose, which was much better for 
anti-C than for the other two antibodies. In fact, of all 
the monosaccharides tested against any antibody, L-lyxose 
gave the greatest inhibition. There was one inhibitor, 
p-aminophenyl acetic acid, that was better for anti-E than 
for either of the other two antibodies. 
Two compounds, p-hydroxy-N-phenyl-D-mannosylamine 
and ribosylamine, reacted the same with each antibody, and 
for this reason the mannose derivatives are the only ones 
given in Table ]6. These derivatives inhibited anti-D 
greater than any other compound. On the other hand, anti-
C was inhibited to a lesser degree, and anti-E was not 
inhibited at all. 5'adenylic acid and 2 1 , ]'adenylic acid 
were grouped together because they reacted the same with 
each antibody, reacting best with anti-D, somewhat less 
with anti-E, and not at all with anti-C. 
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TABLE 36 
COMPOUNDS THAT INHIBIT THE Rh ANTIGENS DIFFERENTLY 
Inhibitor Rh Dilution of Inhibitor 
Antigen 
0.2M 0.1M 0.05M 0.025M 0.01211 0.006M 0.003M 0.0015M 0.0007M 0.0003M 0.0001M 
D-ribose An ti-D 
-
1 1 2 2~ 3 
Colominic An ti-D 1 H 2t 2! 2 2 
- - - - - 2 Acid 
Salicin An ti-D 
- - -
1 2 2i 
L-lyxose Anti-C 
- - -
1 2t 2t 
p-amino- An ti-E 
- - -
1 1~ 3 
phenyl-
acetic 
acid 
p-hydroxy- Anti-D 
- - - - - - -
2 3 
N-phenyl- Anti-C 
- -
~ 2 3 4 
D-manno- An ti-E 1 H 1~ 2 3 3 
sylamine 
5'adenylic Anti-D 
- - - -
1 1 
acid Anti-C 2 2~ 3~ 3"- 4 4 
An ti-E 
- -
1 11 2 3 
\i) 
.... 
Several important facts have been demonstrated by 
this research. First, the Rh antigens are different which 
is demonstrated by the difference in inhibition. Secondly, 
there is a basic resemblance between all three antigens. 
This seems obvious since several compounds inhibit all the 
antibodies to similar degree. The theory of Watkins and 
Morgan (56) is of importance in this relation. They 
believe, in the case of the ABH and Lea system, that there 
is a precursor substance which is altered to produce the 
different antigens of this system. A similar situation 
may occur in the Rh system. This is why the present author 
feels that the finding in connection with L-lyxose is so 
important, since this may be the compound that gives the C 
antigen its specific effect. 
In the case of the p-hydroxy-N-phenyl derivatives 
of carbohydrates, the linkage and possibly the p-hydroxy-
N-phenyl part of the inhibitors are important. Since there 
was no difference between the two carbohydrates used, then 
the one specific for the structure of the Rh antigen has 
not yet been found. As pointed out in the survey of the 
literature (1, 23, 40, 41), the antibody is quite specific 
for the compounds that it reacts with, but cross reactions 
may occur (30, 31, 40). One would expect the true antigen 
to react with compounds at a much greater dilution than 
those found in this paper. When inhibition occurs, it is 
probably a cross reaction to a structure that resembles the 
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antigen. 
If we again go back to the literature and examine 
the work of Kabat (35), we see that as the size of the 
molecule increases, the inhibition also increases. Although 
a compound with two or more molecules is better than a 
single molecule, it does not follow that it is closer to 
the true configuration of the antigen. It may mean that the 
increase in size has only increased the cross reaction. 
This is why it is felt that the inhibition by L-lyxose is 
more important than some of the other inhibition reactions. 
Here there is strong inhibition by a simple compound and 
this is more important than the same degree of inhibition 
by a dimolecular compound. 
The results of the present investigation do not 
agree with Hackel et §!• (27) in one area. Here, it is 
found that ribose and L-lyxose inhibit anti-D, something 
which Hackel et al. did not find. The inhibition found 
was slight, occurring only at the highest concentration 
0.2M. Since carbohydrates are thought to be important in 
the specificity of blood group antigens, this inhibition 
should not be overlooked. 
The results with colominic acid, a polymer of 
N-acetylneuraminic acid (J), show inhibition only with 
anti-D. Gottschalk (25) showed that N-acetylneuraminic 
inhibited viruses so that they could not react with cells. 
Bigley et al. (5) found that eluants from erythrocytes 
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produced by periodate or viruses would inhibit anti-D. 
Thus, there seemed to be a connection between N-acetyl-
neuraminic acid and the D antigen. The results found in 
this investigation concerning the inhibition by colominic 
acid strengthen this concept. 
The antibody is specific and will show much greater 
inhibitory effect with its true antigen than with one that 
closely resembles it. When one considers degree of 
inhibition by a compound, it is difficult to decide whether 
this inhibition is significant or not. The p-hydroxy-N-
phenyl carbohydrate derivative is certainly worthy of more 
investigation. Since there is no difference between the 
two carbohydrates used, experiments trying additional 
carbohydrates may eventually lead to a compound that would 
show better inhibition. 
The results presented here are far from complete. 
A decision as to what direction further research should 
take is difficult. However, there are certain trends in 
the inhibition results that should be investigated. This 
is one of the ways by which research can produce useful 
knowledge. 
F. Summary: The Proposed Chemical 
Nature of the Rh Antigens 
From the results of the inhibition tests and other 
data arising from this research, a certain chemical con-
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figuration is proposed for each of the three Rh antigens. 
The results with anti-C should be emphasized because L-
lyxose gives a very strong inhibitory reaction, the 
strongest of any carbohydrate tested against either of the 
three antibodies. In the case of anti-D, so many chemical 
groups inhibit this antibody that it is difficult to say 
where they fit. Inhibition is somewhat weaker with anti-E 
than with anti-D. Purine is probably present in all three 
of the antigens and may be a precursor substance. With 
these preliminary findings in mind, a probable configuration 
for each antigen is given as follows: Figure 16, D antigen; 
Figure 17, C antigen; and Figure 18, E antigen. It is 
believed that the D antigen is a branched antigen and may 
have as one terminal unit a carbohydrate coupled to p-amino-
phenol which, in turn, is coupled to a purine. Colominic 
acid is probably present in the other branch even though 
the terminal group is unknown. 
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ABSTRACT 
The inhibition technique was used in an attempt to 
determine the chemical structure of Rh antigens. A saline 
agglutinating Rh antibody was mixed with a chemical com-
pound of known structure, containing carbohydrate, and 
believed to be similar in configuration to the Rh antigen 
in question. This mixture was first incubated, then the 
appropriate erythrocytes were added. Following a second 
incubation, the degree of agglutination was read in the 
usual manner for Rh testing. A saline control was carried 
out for each experiment. If the unknown showed less agglu-
tination than the control, then the chemical compound was 
said to have an inhibitory effect. In all these experiments 
the inhibitor was diluted and not the antibody. 
The three Rh antibodies, anti-C, anti-D, and anti-E, 
were tested with the same carbohydrates, D- and L-glucose, 
D- and L-mannose, D-ribose, and L-lyxose. The antibodies 
were also tested with antibiotics which included strepto-
mycin, stylomycin, carbomycin, and two degradation products 
of the first two, streptobiosamine and 6-dimethyl-amino-9-
(3'amino-31deoxy-beta-D-ribofuranosyl)-purine. Some of the 
above carbohydrates and streptobiosamine were coupled with 
aniline and p-aminophenol, and then tested as inhibitors. 
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5 1adenylic acid and 2 1 , )'adenylic acid were also tested as 
inhibitors. Their reactions suggested the use of indol 
acetic acid and indol butyric acid. Two amino acids, 
tyrosine and phenylalanine, were tested. In addition, p-
aminophenyl acetic acid and salicin were also used as 
inhibitors. 
Anti-C was found to be inhibited by the following 
compounds: 
p-hydroxy-N-phenyl-D-mannosylamine 
p-hydroxy-N-phenyl-D-ribosylamine 
Stylomycin 
L-lyxose 
Indol acetic acid 
Indol butyric acid 
Streptomycin 
o.o25M 
0.025M 
0.05 M 
0.05 M 
0.05 M 
0.05 M 
0.1 M 
The lowest concentration of the substance which gave com-
plete inhibition is given. Since L-lyxose is the only pure 
carbohydrate in the table, it is believed that this may be 
the most important component in the C antigen. Thus, C 
antigen may have L-lyxose as the terminal group coupled to 
p-aminophenol through the amino group. 
Anti-D was found to be inhibited by the following: 
p-hydroxy-N-phenyl-D-mannosylamine 
p-hydroxy-N-phenyl-D-ribosylamine 
5'adenylic acid 
2 1 , )'adenylic acid 
Indol butyric acid 
Indol acetic acid 
Colominic acid 
Salicin 
Streptomycin 
Stylomycin 
D-ribose 
L-lyxose 
0.0008M 
o.o015M 
0.006 M 
o.oo6 M 
0.006 M 
0.012 M 
0.012 M 
0.05 M 
0.1 M 
0.1 M 
0.2 M 
0.2 M 
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On the basis of these reactions it 1s believed that the D 
antigen is a branched ant1gen and may have as one terminal 
unit a carbohydrate coupled to p-aminophenol which, in 
turn, is coupled to a purine. Colom1n1c acid is probably 
present in the other branch even though the terminal group 
is unknown. 
Antl-E was inhibited by the following compounds: 
5'adenyl1c acid 
2 1 , )'adenylic acid 
p-aminophenyl acetic acid 
Streptomycin 
Stylomycin 
Streptobiosamine 
0.00251"1 
o.o025M 
0.006 M 
0.025 M 
0.05 M 
0.1 M 
These reactions suggest that the E antigen may contain 
p-aminophenyl acetic acid as the terminal unit coupled to a 
carbohydrate. 
An attempt was made to produce a synthetic Rh-like 
antigen by coupling either rutin, found by Boyd, McMaster, 
and Waszczenko-Zacharczenko (1959) to inhibit ant1-D, or 
streptobiosamine to dog serum and injecting these compounds 
into rabbits. Although antibodies were produced, they did 
not react specifically with the Rh antigen. 
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